
EARTH SCIENCE RE,SEARCH 



2nd Q U A R m Y  PROGRESS REPORT 

Contract No. NSR 05-264-002 

January, 1967 

STUDY OF SHAPE AND INTERNAL STRUclTuRE 
OF MDON, 

UTILZZUC LUNAR ORBITER DATA 

for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LUNAR ORBITER PROGRAH OFFICE 

EARTH SCIENCE RESEARCH CORPORATION 
P. 0 .  Box 2427 

Santa Monica, Calif. 90405 

Area Code 213; 396-6628 



LFfiGR OF TRANSKSTTAL 
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Wa shington , D . C. 20546 

Attention: NASA Technical Reportr Officer, Code SC 

Subject: 2nd Quarterly Progress Report 
Contract No. NSR 05-264-002 

Gent leme n : 

Earth Science Research Corporation (ESR) is pleased to submit its 2nd 
quarterly progress report of a study of the shape and internal struc- 
ture of the Moon utilizing data from the Lunar Orbiter Program under 
NASA Contract No. #SR 05-264-002. 

It was found that the J3,o term determined from study of Orbiter I has 
the opposite rign of the value which we would have predicted from the 
continent--ria dietribution. Work is continuing on expanding an ex- 
isting computer program to include the higher order term in a conti- 
nentality function for the Haan corresponding to the terms in the grav- 
ity field expected €ram analysis of the orbiter data. A review of pre- 
vious studies of the shape of the Moon is continuing. 

Dre. Dmald L. Lamar and Paul M, Merifield discussed the relationship 
between the gross topegraphic and geologic features and the Moon's 
gravity field with members of the Astrogeology Branch of the U.S.  Geo- 
logical Survey in Menlo Park, California. 

Very truly yours, 

EARTH SCIENCE RESEARCH CORPaRATION 

Donald L. Lamar 
Pr inc i pa 1 Inve st i ga t or 
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RELATIONSHIP BETWeEN COKTINEMI-MAEUA DISTRIBUTION 
AND GRAVITY FIELD 

Resul t r :  

I n  our f i r s t  progress report  (Earth Science Research Carp., 1966) 

it was sham that the e f f e c t  of the  d i s t r i b u t i o n  of cont inents  on the  

) term of the Moon's g r a v i t a t i o n a l  f i e l d  w i l l  range = -C 
J3,0 (J3D0 3 ,o 
from about -10.0 x 10'' f o r  a homogenous Moon with no i s o s t a t i c  com- 

pensation t o  -0.3 x 10'' f o r  isootatic compensation of cont inenta l  high- 

lands a t  a depth of 20.0 km. The higher value i s  equal t o  that reported 

by Mchae l ,  Tolran and Gapcynski (1966). 

e f f e c t  of the d i s t r i b u t i o n  of continent8 on the  J term is t h e  8ame 

sign as the J term derived from the study of O r b i t e r  I. I n  c o n t r a s t ,  

comparison of the cont lnenta l  d i s t r i b u t i o n  with the  Moon's pr inc ipa l  

momenta of inertia ( r e l a t ed  to second order terms i n  g rav i ty  f i e l d )  

lead t o  the  conclusion t h a t  density v a r i a t i o n s  wi th in  the Moon are re- 

quired t o  o f f s e t  t he  e f f e c t s  of the d i s t r i b u t i o n  of cont inents  (Lamar 

and HcGann, 1966). 

t he  Mom's apparently s t a b l e  o r i en ta t ion  i n  space, and fu tu re  analyses 

of o r b i t e r  data may provide more accura te  values f o r  the  second order  

t e rm,  although the  signa should be the same as that derived from s tud-  

ies  of the Ebon's physical l i b ra t ions .  

It is  of i n t e r e s t  that the  

3 90 

Do 

The signs of t he  second order tenus are f ixed  by 

The o r b i t e r  photographs have v e r i f i e d  t h a t  the backside i s  l a rge ly  

cont inenta l  r a t h e r  than maria (personal conmumication, Dr. Donald W i l -  

h e l m ,  Astrogeology Branch, U.S. Geological Survey, 1966). Nash (1963) 

has  suggested t h a t  the maria are underlain with mater ia l  denser than 

beneath continents and that the  b u n  was locked i n t o  synchronous ro t a -  

t i o n  with t h i s  excess mass facing t h e  Earth. This is cons i s t en t  with 
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our suggestion (Lamar and -ann, 1966) t h a t  the maria a r e  underlain 

by denser materia1 a s  an explanation for the r e l a t i o n s h i p  between the 

oecend order terms i n  a lunar c m t i n e n t a l i t y  function and similar terms 

i n  t h e  )on '@ grav i ty  f i e l d .  

the r e s u l t  of i m p a c t  of objec ts  denser than the Moon and t h a t  the  ap- 

parent cancentration of maria i n  the plane of the e c l i p t i c  may be ex- 

plained by an a s t e r o i d a l  o r i g i n  f o r  the  impacting objec ts .  A c t u a l l y  

any process of maria formation which is random and which leads to an  

excers  of mass beneath the  maria sur face  could lead t o  the  present d i s -  

t r i b u t i m  of maria w i t h  respect t o  the  Moon'm pr inc ipa l  axes and the  

d i r e c t i o n  to the Earth. 

wander of t he  Hotm'8 axes t o  the pos i t ion  of s t a b l e  equilibrium regard- 

less of the o r i g i n a l  cause of the dens i ty  d i s t r i b u t i o n .  

Mash suggests that the  maria formed as 

The present d i s t r i b u t i o n  m y  be the r e s u l t  of 

The value of the J term derived from analysis of the  o r b i t e r  
3 s o  

data may be explained by the  d i s t r i b u t i o n  of continento and a spher i -  

c a l l y  eynnnetrical ma6 d i s t r ibu t ion ,  while the  second order terms and 

t h e  absence of maria on t h e  backside suggests a den r i ty  d i s t r i b u t i o n  

which departs from sphe r i ca l  eymmetry euch t h a t  t h e  material beneath 

the  maria ir denser than that beneath the  cont inents .  Thus we would 

have predicted the wrong sign for the  J 

nation of t he  maas d i s t r i b u t i o n  required to produce the  r e l a t i o n s h i p  

between t h e  second order terms and the d i s t r i b u t i o n  of centinente.  It 

ir concluded that the mass d i s t r i b u t i o n  within the  Moon is complex and 

8ssumptioxul of homogeneity, spher ica l  myreretry o r  systematic dens i ty  

v a r i a t i o n s  w i t h  respect t o  continents and maria are f a l s e .  

term based on our determi- 
3,o 
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Work i n  Progress: 

Work is continuing to modify the existing computer program to in- 

clude the higher order term in the lunar continentality function cor- 

responding to the tenns to be determined in the gravitational field. 

These will be utilized to determine the relationship between the grav- 

ity field and distribution of contincnts and the nature of density var- 

iations within the Moon. 

We are reviewing data on the relative ages of the individual maria 

and are considering the possibility that the magnitude of a density 

anomaly beneath a given maria is a function of ita age, Such a model 

would be consistent with an abrupt origin for the maria and a gradual 

return to homogeneity through interal readjustments. It is planned 

t o  make the computer program sufficiently flexible so that this and 

other complex density distributions may be compared with the gravity 

field. 
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SHAPE of MDON 

Work i n  Progress: 

We are continuing our review of e x i s t i n g  data on the shape of the 

Moon with p a r t i c u l a r  emphasis on the  o r i g i n  of coordinates.  The r e l a -  

t i onah ip  between the  center  of f igure  and center  of mass io fundamental 

t o  any rtudy of t he  i n t e r n a l  s t ruc tu re  of the Won u t i l i z i n g  data on 

t h e  g rav i ty  f i e l d .  This problem is also ef p r a c t i c a l  s ign i f i cance ,  

because i f  the explora t ion  of t h e  Won proceeds t o  the  point where geo- 

physical and artronornical observatlonr are taken fram poin ts  on the  

su r face ,  i t  will be des i r ab le  t o  use the center  of mass as the  o r i g i n  

of coordinates fer lunar maps, r a the r  than the  cen te r  of f igu re  a8 is  

now the case. 
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